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ABSTRACT 

In recent years analytical tools to characterize combustor flow have 
been developed in order to support design. To facilitate anchoring of 
combustion related physical models and the CFD codes in which they are 
incorporated considerable development and application of non-intrusive 
combustion diagnostic capabilities has occurred. Raman spectroscopy can 
be used to simultaneously detect all polyatomic molecules present in 
significant concentrations and to determine gas temperature. This is 
because all molecules possess a distinct temperature dependent Raman 
spectrum. 

A multi-point diagnostic system for non-intrusive temperature and 
species profiling in rocket engines has been developed at Rocketdyne. 
In the present effort, the system has been undergoing validation for 
application to rocket engine component testing. A 4 inch diameter 
windowed combustor with a coaxial gas-gas injector was chosen for this 
series of validation experiments. Initially an excimer-pumped tunable 
dye laser and later a solid state Nd-Yag laser served as excitation 
sources. The Raman signal was dispersed by a monochromator and 
detected by a gated, intensified Charged Coupled Device (CCD) array. 

Experiments were carried out prior to each series of hot fire tests to 
ensure that the Raman signal detected was due to a spontaneous rather 
than a stimulated Raman emission process. Over sixty hot fire tests 
were conducted during the first series of tests with the excimer/dye 
laser. All hot fire testing was at a mixture ratio of 0.5 and chamber 
pressures of -100 and -300 psia. The Raman spectra of hydrogen, water 
vapor and oxygen recorded during single element hot fire tests were 
reduced and analyzed. A significant achievement was the attainment of 
single shot Raman spectra in cold flow tests. Unfortunately, the single 
shot signal-to-noise ratio detoriated to an unacceptable level during 
the hot fire testing. Attempts to obtain temperature data from the 
hydrogen Ql-branch profiles obtained in hot fire tests suggest that 
potentially complicating factors may render the approach of averaging 
data on the photodiode array invalid. A second series of hot fire tests 
was conducted with a 4 element coaxial injector using the Nd-Yag laser. 
A very compact and portable diagnostics set up was assembled for ease of 
alignment, relocation and flexibility. Measurements were made at 
several regions in the chamber in order to map concentration profiles. 
High spatial resolution and improved signal to noise characteristics 
were demonstrated. 
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IMPROVEMENTS IN ROCKET INJECTOR/COMBUSTOR 

MODELING ARE REQUIRED 
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COMBUSTOR PERFORMANCE, COMPATIBILITY KEY 

DESIGN ISSUES 
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Performance / stability margin trades 







ROCKETDYNE RAMAN DIAGNOSTIC CAPABILITIES 
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RAMAN SYSTEM FOR RESEARCH COMBUSTOR 

TESTING 
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COMPLETE RAMAN SPECTRUM 
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PORTABLE LASER RAMAN SYSTEM SCHEMATIC 
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SUMMARY 
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Application to code anchoring effort now feasible 



